In this paper, we propose a method to estimate the most resource-consuming disease from electronic claim data based on Labeled Latent Dirichlet Allocation (Labeled LDA). The proposed method models each electronic claim from its medical procedures as a mixture of resourceconsuming diseases. Thus, the most resource-consuming disease can be automatically estimated by applying Labeled LDA to the electronic claim data. Although our method is composed of a simple scheme, this is the first trial for realizing estimation of the most resource-consuming disease. key words: most resource-consuming disease, electronic claim, labeled LDA
Introduction
Health insurance claims (HICs) are prepared by providers such as hospitals for reimbursement of their services. In Japan, HIC records contain various types of information including information on the patient's name, date of birth, gender, health insurance qualification status, medical procedures, costs of medical procedures and diseases. In order to determine priorities in health policy, evaluation of the costs of medical procedures is necessary.
Because of this situation, online billing of HICs became mandatory in Japan in 2011 * . In this paper, we denote the online bill of HICs as "electronic claim". Electronic claims also include histories of medical resource consumption, and several methods for analysis of electronic claims have been proposed [1] , [2] . These approaches can identify the characteristics of diseases from electronic claim data by introducing medical knowledge. However, these approaches need not only manual classification of medical procedures and diseases but also advanced medical knowledge. Therefore, a fully automatic method for analysis of electronic claims that does not require manual classification or advanced medical knowledge is needed. Furthermore, not only the problem of identification of the characteristics of diseases but also several new problems have become important. One of the most important problems in recent years is estimation of the most resource-consuming diseases, since we have to determine priorities in health policy for reduction of healthcare costs. Manuscript In order to estimate the most resource-consuming diseases without any manual classification or advanced medical knowledge, an automatic estimation method based on relationships between diseases and medical procedures is needed.
In recent years, various topic estimation methods from document collections have been proposed [3] , [4] . These approaches model each document from words in the document as a mixture of topics that represent the meaning of the documents. Interestingly, we have found that electronic claims, medical procedures and diseases can be regarded as documents, words, and topics, respectively. Furthermore, costs of diseases that are recorded in electronic claims are calculated on the basis of costs of the medical procedures. It can therefore be expected that estimation of the most resource-consuming disease becomes feasible on the basis of the costs of the medical procedures and the relationships between diseases and medical procedures obtained from the topic model.
In this paper, a method to estimate the most resourceconsuming disease from electronic claim data based on Labeled Latent Dirichlet Allocation (Labeled LDA) [4] is presented. The proposed method models each electronic claim from its medical procedures as a mixture of diseases. The most resource-consuming disease can be automatically estimated by applying Labeled LDA to the electronic claim data without any manual classification or advanced medical knowledge. Although our method consists of a simple scheme, this is the first trial for realizing estimation of the most resource-consuming disease.
This paper is organized as follows. As preliminaries, Labeled LDA is explained in Sect. 2. In Sect. 3, the proposed method for estimation of the most resourceconsuming diseases is presented. In Sect. 4, results of experiments obtained by applying the proposed method to actual electronic claim data are shown to verify the effectiveness of the proposed method. Concluding remarks are given in Sect. 5.
Labeled LDA
In this section, we briefly explain Labeled LDA [4] . Labeled LDA is a probabilistic topic model that describes a process for generating a labeled document collection. Like Latent Dirichlet Allocation (LDA) [3] , Labeled LDA models each document as a mixture of underlying topics, and each word in the documents is generated from one topic. Compared to LDA, Labeled LDA incorporates supervision by simply constraining the topic model to use only those topics that correspond to a document's observed label set. Figure 1 shows a graphical model of Labeled LDA.
Let each document d ∈ {1, · · · , D} be represented by a tuple consisting of a list of word indices w d = (w d,1 , · · · , w d,N d ) and a list of binary topic presence/absence indicators λ d = (l d,1 , · · · , l d,K ), where each w d,n ∈ {1, · · · , V} and each l d,k ∈ {0, 1}. Note that N d is the total number of words in the document d, V is the total number of unique words and K is the total number of unique labels in the dataset. Specifically, the document collection
In other words, the i-th row of L d has an entry of 1 in column j if and only if the i-th document label λ d (i) is equal to the topic j.
In order to estimate parameters θ d and β z d,n , Collapsed Gibbs Sampling [5] is utilized in [4] . Note that θ d is the topic distribution of each document, and β z d,n (= j) is the word distribution of each topic. Here the labeled topic of the document collection is represented by w = {w d,n }. Furthermore, the labeled topic of each word in the document collection is respectively represented by z = {z d,n }. We utilize Collapsed Gibbs sampling for the training where the sampling probability for a topic for position i in a document d in Labeled LDA is given by: 
Note that z −(d,n) , n w d,n −(d,n), j and n d −(d,n), j respectively represent z not including the current assignment z d,n , counts of words w d,n in topic j not including the current assignment z d,n and count of generation of topic j in document d not including the current assignment z d,n . Additionally we suppose η 1 = · · · = η V and α 1 = · · · = α K in the derivation of Eq. (3). By using the obtained z from Eq. (3), θ d and β z d,n (= j) are respectively estimated as follows:
As shown in the above procedures, Labeled LDA models each document as a mixture of underlying topics. Furthermore, each word is generated from one topic.
Estimation of the Most Resources-Consuming Disease Based on Labeled LDA
In this section, we propose a method of estimating the most resources-consuming disease based on Labeled LDA. First, we regard electronic claims, medical procedures that are described in the electronic claim and diseases as documents, words, and topics, respectively. As described above, DPC data † are one of electronic claim data. DPC data consist of two files that are "anonymized information obtained from clinical records" and "details of the medical procedures and treatment". In "anonymized information obtained from clinical records", diagnosed diseases, identification number, date of discharge, date of admission, etc. are described. Furthermore, medical procedures, their costs, their execution date, identification number, date of discharge, date of admission, etc. are described in "details of the medical procedures and treatments". An example of "details of the medical procedures and treatments" is shown in Table 4 . In the proposed method, we associate "anonymized information obtained from clinical records" with "details of the medical procedures and treatments" by using identification number, date of discharge and date of admission. Therefore, the proposed method can estimate the most resource-consuming disease from the associated DPC data. By applying Labeled LDA to these electronic claim data, relationships between the selected medical procedures and diseases are obtained. Furthermore, costs of the diseases that are described in electronic claims are calculated on the basis of costs of the medical procedures. Then the most resource-consuming disease can be estimated on the basis of the costs of medical procedures for each disease. The details are shown below. Let each electronic claim d be represented by a tuple consisting of a feature vector of medical procedures w d = (w d,1 , · · · , w d,N d ) and a list of binary disease presence/absence indicators λ d = (l d,1 , · · · , l d,K ), where each d ∈ {1, . . . , D}, each w d,n ∈ {1, · · · , V} and each l d,k ∈ {0, 1}. Furthermore, a feature vector of the described diseases in electronic claim d is l d = {k|l d,k = 1}. Note that D is the total number of electronic claims, N d is the total number of described medical procedures in the electronic claim d, K is the number of diseases, and V is the total number of medical procedures. Next, we apply Labeled LDA to the electronic claim class D = {(w 1 , λ 1 ), · · · , (w D , λ D )}. Then probabilistic distributions over medical procedures β k = (β k,1 , · · · , β k,V ) and probabilistic distributions θ d over all K diseases for each electronic claim d are obtained. In the proposed method, costs of diseases are calculated from the medical procedures and costs of these medical procedures. Specifically, the cost of each disease k ∈ λ d is calculated by the following equation:
Note that point(w d ) is a function that represents the costs of medical procedure w d , which is a medical bill obtained from the electronic claim. Furthermore, I(k, w d ) is an indicator function as follows: † Details of DPC data are shown in http://www.mhlw.go.jp/ topics/2011/09/tp0928-1.html (Japanese)
where T h I is a threshold value whose range is [0, 1]. Then P(k|w d , d) is calculated from parameters P(k|d) (= θ d,k ) and P(w d |k) (= β k,w ) that are obtained by Labeled LDA by the following equation:
Note that P(k|d) and P(w d |k) in Eq. (8) correspond to θ d and β z d,n (= j) in Eqs. (4) and (5), respectively. As shown in the above procedures, the most resource-consuming disease k in the electronic claim d can be estimated by using Eq. (6).
In the proposed method, relationships between resource-consuming diseases and medical procedures can be estimated. Thus, the proposed method can estimate the most resource-consuming disease based on the costs of medical procedures without any advanced medical knowledge.
Experimental Results
The effectiveness of the proposed method for estimating the most resource-consuming disease based on Labeled LDA is verified in this section. In the experiments, we utilized 69532 (= D) Diagnosis Procedure Combination [6] (DPC) data that include 114 (= K) kinds of diseases as electronic claims and 274848 (= V) medical procedures. DPC data consist of combinations of some disease names and medical procedures. The most resource-consuming disease name is also manually described. Note that the most resourceconsuming disease name is not necessary to apply the proposed method. This information is only utilized for quantitative evaluation and for conventional methods. Parameters of the proposed method that were used in experiments are shown in Table 1 .
Experimental results are shown in Table 2 to verify the effectiveness of the proposed method. From Table 2 , we can see that the proposed method can estimate the most resource-consuming disease by using the probability value and the cost of medical procedures. In the proposed method, not only posterior probability over each disease but also costs of medical procedures are considered. Therefore, the most resource-consuming disease can be correctly estimated.
Next, we quantitatively verify the effectiveness of the proposed method. We used recall, precision and F-value, which are defined as follows:
Recall =
Num. of correctly estimated electronic claims Num. of relevant electronic claims , 
Experimental results obtained by using the proposed method and the following conventional methods are shown in Table 3 .
Conventional method (i) By using Support Vector machine [7] (SVM), oneagainst-one [8] multi-class classifiers were constructed for estimation of the most resource-consuming disease.
In this conventional approach, by aligning the cost of each medical procedure, normalized feature vectors are extracted from each electronic claim. The most resource-consuming disease obtained from DPC data is assigned as the class label. Furthermore, we use RBF kernel exp(−γ||x − x || 2 ). Note that γ is 3.6 × 10 −6 , and the cost parameter C is 1. Conventional method (ii) By using multinomial naive bayes, multi-class classifiers were constructed for estimation of the most resource-consuming disease. In the same the way as the above conventional method (i), normalized feature vectors are extracted from each medical procedure. Furthermore, the most resource-consuming disease is assigned as the class label.
From Table 3 , we can see that the proposed method has higher recall, precision and F-value compared to the conventional methods. Compared to the results obtained by using the conventional methods, the proposed method can realize accurate estimation without a training dataset including the most resource-consuming disease data. The proposed method models each electronic claim from medical procedures in the electronic claim as a mixture of resourceconsuming diseases. By using the obtained model, the proposed method can accurately estimate the most resourceconsuming disease. Therefore, the proposed method is more appropriate than the conventional methods. In the original Labeled LDA, the topics from a document can be estimated with the topic probabilities. Additionally, the topic probabilities are calculated from all annotated topics of the document collection. On the other hand, a topic (disease) is already annotated in the DPC data in our method, and we do not know only the topic probabilities. Then we calculate only the topic (disease) probabilities of described diseases in the target DPC data, and the costs of medical procedures are also utilized in the proposed method. Therefore, the proposed method can realize higher performance than the original Labeled LDA.
Conclusion
In this paper, we propose a method to estimate the most Table 4 Example of "details of the medical procedures and treatments". resource-consuming disease from electronic claim data based on Labeled LDA. The proposed method models each electronic claim from medical procedures in the electronic claim as a mixture of resource-consuming diseases. By applying Labeled LDA to the electronic claim data, the most resource-consuming disease can be estimated without any advanced medical knowledge. Our experimental results verified the effectiveness of the proposed estimation method. This is the first trial for realizing estimation of the most resource-consuming disease. Therefore, in order to improve estimation accuracy, we consider introduction of the other topic model methods such as [9] and [10] . Reference [9] can consider the power-law phenomenon of a word distribution which is known as Zipf's law in linguistics and presence of multiple topics. By using reference [9] , we can consider Zipf's law. Reference [10] proposed probabilistic time series models. In the DPC data, execution date of the medical procedures are contained. By introducing reference [10] to our method, improvement of accuracy will be expected. These will be the subjects of subsequent studies.
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